Introduction
The occurrence of arsenic and uranium in groundwater at concentrations that exceed drinking-water standards is a concern because of the potential adverse effects on human health. Some early studies of arsenic occurrence in groundwater considered anthropogenic causes, but more recent studies have focused on sources of naturally occurring arsenic to groundwater, such as minerals within aquifer materials that are in contact with groundwater. Arsenic and uranium in groundwater in New England have been shown to have a strong association to the geologic setting others, 2003, 2006) and nearby streambed sediment concentrations . In New Hampshire and Massachusetts, arsenic and uranium concentrations greater than human-health benchmarks have shown distinct spatial patterns when related to the bedrock units mapped at the local scale (Montgomery and others, 2003; Colman, 2011; Flanagan and others, 2014) .
The Connecticut Department of Public Health (DPH; 2016) reported that there are about 322,600 private wells in Connecticut serving approximately 823,000 people, or 23 percent of the State's population. The State does not require that existing private wells be routinely tested for arsenic, uranium, or other contaminants; consequently, private wells are only sampled at the well owner's discretion or when they are newly constructed. The U.S. Geological Survey (USGS), in cooperation with the DPH, completed an assessment in 2016 on the distribution of concentrations of arsenic and uranium in groundwater from bedrock in Connecticut ( fig. 1 ). This report presents the major findings for arsenic and uranium concentrations from water samples collected from 2013 to 2015 from private wells.
Sources of Data on Arsenic and Uranium Concentrations
The main objective of this study was to compile and analyze arsenic and uranium concentrations from private wells throughout Connecticut ( fig. 1 ). In cooperation with the DPH, local health departments and districts used volunteers to visit randomly selected houses in their districts and collect an unfiltered water sample from an untreated source in the home. Staff from DPH also distributed bottles to homeowners at four agricultural fairs in Bethlehem, Durham, Goshen, and Woodstock; at water fair events in East Hampton and Colchester; and one home show in Hartford. These homeowners were instructed to collect an unfiltered water sample prior to any existing treatment system. The water samples, collected from 2013 to 2015, were submitted to the DPH Laboratory in Hartford for trace-element analysis according to EPA method 200.8 (U.S. Environmental Protection Agency, 1994) .
The towns of Stamford, Weston, and Wilton have substantially more water samples and wells than the other studied towns. On average, 7 wells were sampled in most towns, whereas, 81 wells were sampled in Wilton; 110 wells, in Weston; and 732 wells, in Stamford, resulting in an unbalanced distribution of water samples in the State. To balance the distribution for the purposes of this study, 7 to 14 wells from Stamford, Weston, and Wilton were randomly selected for inclusion in the statewide dataset. This subset of samples represented less than 5 percent of the final statewide dataset, which consisted of 660 arsenic samples and 589 uranium samples collected from 674 wells. Data for these 674 wells are available in Flanagan and Brown (2017) . All available data from these three towns are discussed in the "Comparison of Arsenic and Uranium Exceedance Rates in Three Towns" section.
As part of the quality assurance plan for this study, the USGS submitted six standard reference samples to the DPH Laboratory with concentrations of arsenic and uranium spanning the range of expected environmental values. These samples were supplied by the USGS Branch of Quality Systems (U.S. Geological Survey, 2016) in Denver, Colo., and provided an independent analysis of measurable bias. Results from the analysis of the standard reference samples (table 1) indicated no measurable bias.
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Figure 1. Locations of major bedrock categories in Connecticut and areas where the majority of sampled wells are located. The major bedrock categories are described in detail in Robinson and Kapo (2003 
Arsenic and Uranium Concentrations in the State
Arsenic concentrations ranged mostly (95th percentile) from less than (<) 3 to 7.1 micrograms per liter (µg/L). Uranium concentrations ranged mostly (95th percentile) from <1 to 23 µg/L (table 2). Arsenic at concentrations at or above the minimum reporting level (MRL) of 3 µg/L was measured in 9.1 percent of samples. Uranium at concentrations at or above the MRL of 1 µg/L was measured in 42.1 percent of the samples. Statewide, 3.6 percent of samples had arsenic concentrations that exceeded the MCL of 10 µg/L, and 3.9 percent had uranium concentrations that exceeded the MCL of 30 µg/L (table 2) . Overall, about 7 percent of the samples had concentrations of arsenic or uranium that exceeded an MCL.
Arsenic and Uranium Occurrence in Relation to Bedrock Geology
There are distinct areas in Connecticut where one or more groundwater samples have arsenic and uranium concentrations greater than their respective MCLs ( fig. 2 ). Data were grouped in relation to mapped bedrock units (referred to as geologic units in this report) identified on the bedrock geological map of Connecticut (Rodgers, 1985) . It was assumed that each well was drilled and completed in the geologic unit represented at the well's location on the geologic map. Geologic units are rocks of a specific geologic age that have unique mineral and physical characteristics, varying degrees of resistance to weathering, and similar processes of rock formation. Arsenic and uranium samples were grouped according to the geologic units in which the sampled wells are located (table 3) .
Of the 156 geologic units in the State, 81 units (covering 82.6 percent of the land area), were represented by at least one water sample analyzed for arsenic and (or) uranium (table  3) . Twenty-one geologic units had only 1 sample, 43 geologic units had 2 to 10 samples, and 17 geologic units had more than 10 samples. The 81 geologic units were organized under 10 different bedrock categories and are listed in table 3. These bedrock categories ( fig. 1 ) are based on groups of individual geologic units with similar geochemical and lithological properties (Robinson and Kapo, 2003) . The percentage of samples in each geologic unit with arsenic and uranium concentrations that exceeded MCLs was computed and then geologic units were grouped and colored based on percentage ranges ( fig. 2 ). The exceedance percentages for geologic units computed for this study may not represent the actual hazard for existing and future wells in these units. Nonetheless, this report provides new information on arsenic and uranium contamination at the State scale.
Results of this analysis indicate that the geologic units were markedly different in terms of arsenic and uranium concentrations that exceeded MCLs (table 3) . Nine of 81 geologic units had at least one sample with arsenic concentrations that exceeded the MCL of 10 µg/L. Fourteen geologic units had at least one sample with uranium concentrations that exceeded the MCL of 30 µg/L. None of the geologic units in the carbonatebearing metasedimentary rocks, Grenville granites, mafic rocks, or metamorphic rocks, other bedrock categories had arsenic concentrations that exceeded the MCL (table 3) . None of the geologic units in the Avalon granites, carbonate-bearing metasedimentary rocks, Grenville granites, Mesozoic basin sediments, or sulfidic schists bedrock categories had uranium concentrations that exceeded the MCL. The pelitic rocks bedrock category had three geologic units with at least one arsenic concentration that exceeded the MCL, and the granite, other bedrock category had seven geologic units with at least one uranium concentration that exceeded the MCL-the most among the 10 bedrock categories.
In the greater than (>) 20 to 30 percent group (table 3) , the Taine Mountain and Collinsville Formation undivided (4 samples) and the Glastonbury Gneiss (20 samples) were the only geologic units with arsenic and (or) uranium concentrations that exceeded MCLs. In the >30 percent group, the Carringtons Pond Member of the Trap Falls Formation (3 samples) was the only geologic unit with concentrations that exceeded the MCL for arsenic, and the Dalton Formation and the Harrison Gneiss (3 samples each) were the only geologic units with concentrations that exceeded the MCL for uranium (table 3) .
The well with the highest arsenic concentration (470 µg/L), from the town of Oxford, is completed in The Straits Schist geologic unit of the Pelitic rocks bedrock category. Although 8.3 percent of the 12 samples in this geologic unit also have high arsenic (>10 µg/L), six other geologic units (table 3) in the State have higher percentages of samples with high arsenic. This finding shows that wells with elevated arsenic are not always in the most high-risk areas.
The well with the highest uranium concentration (766 µg/L), from the town of Brookfield, is completed in the Dalton Formation geologic unit of the Metamorphic rock, other bedrock category. In a neurotoxicity case study in Brookfield, it was determined that a family was unknowingly exposed to well water containing 866 to 1,166 µg/L of uranium (Magdo and others, 2007) . The private well in the case study was located in the Brookfield Gneiss geologic unit, a mafic rock common throughout the Appalachian ridges of western Connecticut. Magdo and others (2007) sampled 10 other wells in close proximity to the case-study well and discovered widely variable uranium concentrations ranging from 0.21 to 521 µg/L. Altogether, 4 of the 11 wells in Magdo and others (2007) exceeded the MCL for uranium. However, none of the 12 water samples from the Brookfield Gneiss geologic unit of the Mafic rocks bedrock category in this study exceeded the MCL for uranium (table 3) . This finding shows that uranium concentrations can be highly variable, even in wells in close proximity to each other or in similar geologic settings. These two examples for wells with elevated arsenic and uranium concentrations highlight the importance of individual well testing for naturally occurring contaminants.
Comparison of Arsenic and Uranium Exceedance Rates in Three Towns
A select group of geologic units have concentrations of arsenic and (or) uranium that exceed MCLs ( fig. 2; table 3 ). Therefore, a town's vulnerability to arsenic and uranium contamination may depend greatly on the extent Rodgers (1985) for the location and description of individual geologic units. <, less than; > greater than. Table 3 . Arsenic and uranium concentrations that exceed maximum contaminant levels from 674 private wells in Connecticut, by geologic unit and major bedrock category, 2013-15.
[Geologic unit names are the Connecticut Department of Energy and Environmental Protection preferred names as modified from Rodgers (1985) . Bedrock categories (subheadings) are modified from Robinson and Kapo (2003) . Color shadings indicate the percentage of wells with exceedances above concentration thresholds in ranges of , no data (-); , less than (<) 1 percent; , 1 to 10 percent; , more than (>) 10 to 20 percent; , >20 to 30 percent; and , >30 percent. MCL, U.S. Table 3 . Arsenic and uranium concentrations that exceed maximum contaminant levels from 674 private wells in Connecticut, by geologic unit and major bedrock category, 2013-15.-Continued.
[Geologic unit names are the Connecticut Department of Energy and Environmental Protection preferred names as modified from Rodgers (1985) . Bedrock categories (subheadings) are modified from Robinson and Kapo (2003) . Color shadings indicate the percentage of wells with exceedances above concentration thresholds in ranges of , no data (-); , less than (<) 1 percent; , 1 to 10 percent; , more than (>) 10 to 20 percent; , >20 to 30 percent; and , >30 percent. MCL, U.S. figs. 1 and 2) . However, more than 47 percent of samples in Weston had high arsenic concentrations, but only 2.5 percent of samples in Wilton had high arsenic concentrations (table 4) . In Weston, the dominant geologic unit is the Ordovician granitic gneiss of the Granite, other bedrock category, and 14.3 percent of 56 samples from this unit in the statewide dataset had high arsenic concentrations (table 3) . In Wilton, the dominant geologic units are the Harrison Gneiss and the Pumpkin Ground Member of Harrison Gneiss (Mafic rocks bedrock category), and the Trap Falls Formation and Ordovician granitic gneiss undivided of the Granite, other bedrock category; none of the wells from these units in the statewide dataset had high arsenic concentrations (table 3) .
Human Health Implications
High concentrations of arsenic and uranium in drinking water have been associated with increased risk of lung, bladder, and skin cancers for arsenic and adverse effects on kidney function for uranium (Magdo and others, 2007) . For households in Connecticut that rely on private wells for drinking water, this study has shown that the likelihood of having arsenic or uranium concentrations that exceed human-health benchmarks may depend in large part on the particular geologic unit in which the household's well is located. Other factors can affect arsenic or uranium concentrations, such as geochemical conditions or residence time for water-rock reactions in the local groundwater system. For more information about well testing and treatment guidelines in Connecticut (Connecticut Department of Public Health, 2013), contact the Connecticut Department of Public Health Private Well Program by calling (860) 509-7296 or visit their website at http://www.ct.gov/dph/privatewells. Table 3 . Arsenic and uranium concentrations that exceed maximum contaminant levels from 674 private wells in Connecticut, by geologic unit and major bedrock category, 2013-15.-Continued.
[Geologic unit names are the Connecticut Department of Energy and Environmental Protection preferred names as modified from Rodgers (1985) . Bedrock categories (subheadings) are modified from Robinson and Kapo (2003) . Color shadings indicate the percentage of wells with exceedances above concentration thresholds in ranges of , no data (-); , less than (<) 1 percent; , 1 to 10 percent; , more than (>) 10 to 20 percent; , >20 to 30 percent; and , >30 percent. MCL, U.S. 
